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(54) Power circuit for reluctance machines 

(57) A power circuit for two or more switched reluc- 
tance machines comprises a single rectifier assembly 
for rectifying an ac supply voltage, and a single dc link 
capacitor assembly for smoothing the rectified supply. 
The output from the do link capacitor is commonly con- 
nected to the input of each of a plurality of power switch- 



ing circuits connected to control the energy in a plurality 
of separately controlled reluctance machines. The use 
of a single rectifier assembly and capacitor assembly 
reduces the component count of the power circuit and 
also allows power generated in one machine to be de- 
livered back to the dc link for use by another of the ma- 
chines which is motoring. 
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Description 

This invention relates to power circuits for reluc- 
• tance machines. The invention is particularly applicable 
to a power circuit for switched reluctance drives. s 

Switched reluctance (SR) drives drawing power 
from an alternating current (ac) source of voltage, re- 
quire a rectifier circuit, eg. a single phase or three phase 
bridge circuit comprising, for example, four or six diodes 
to create an intermediate direct voltage source. The di- 10 
rect output voltage from the bridge rectifier is smoothed 
by a dc link capacitor assembly across which the SR 
power converter, supplying the SR machine, is connect- 
ed. The SR power converter includes, for example, ac- 
tive power semi-conductor switches, which sequentially is 
connect and disconnect the intermediate voltage 
source, smoothed by thedc link capacitor, to the SR ma- 
chine winding(s), and diodes through which winding cur- 
rents, still present when the active switches are turned 
off, are returned to the dc link capacitor. 20 

A typical prior art circuit is illustrated in Figure 1 of 
the drawings. The phase windings of the 3-phase SR 
machine are denoted by W 1 , W 2 , W 3 . When the SR ma- 
chine is operating as a motor, power flows from the ac 
source voltage, via the rectifier and SR power converter, 25 
to the SR machine. If, however, the SR machine is re- 
quired to produce a braking torque, ie. to generate, pow- 
er flows from the SR machine via the SR converter to 
the dc link capacitor. Since the diode rectifier does not 
permit current to be returned to the ac source of voltage, 30 
the generated power charges the dc link capacitor to a 
higher voltage, placing additional voltage stresses on 
the power conversion system. Only a limited amount of 
regenerated energy can be stored safely in the dc link 
capacitor. 35 

If an SR drive is required to operate in the generat- 
ing mode to an extent where the regenerated energy is 
greater than can safely be stored in the dc link capacitor, 
a known means of absorbing the regenerated power is 
to dissipate it in a dynamic braking resistor connected 40 
in parallel with the dc link capacitor by a semi-conductor 
power switch. The switch is activated only when the dc 
link voltage exceeds a threshold value approximately 
equal to the peak value of the ac voltage source. While 
this is a relatively simple technique to implement, all the 45 
energy dissipated in the braking resistor is lost. This is 
inefficient. 

Another known means of absorbing the regenerat- 
ed power is to interpose a thy ristor bridge inverter circuit, 
including one or more inductors connected between its so 
dc terminals and those of the dc link capacitor, with its 
ac terminals connected either directly or via a transform- 
er to the ac voltage source. A transformer represents a 
cost and weight disadvantage, but if no transformer is 
used, problems can arise associated with currents cir- ss 
culating between the terminals of the ac voltage source 
via one or more of the diodes of the rectifier and one or 
more thyristors of the inverter. 



According to the prior art, it has been necessary to 
provide separate rectification arrangements for each 
machine being driven. Similarly, a separate dc link ca- 
pacitor has been used for each machine. 

In the field of ac induction motors it is known to run 
a plurality of machines using a common inverter. How- 
ever it is well known in the art of switched reluctance 
machines that this is not possible because each SR ma- 
chine has its own switching timing requirements, locked 
to the speed of rotation of each individual rotor 

It is an object of the present invention to provide 
common power circuit elements for a plurality of inde- 
pendently controllable reluctance machines, thereby re- 
alising reductions in components, and thus in the cost 
and weight of such a power circuit, and improvements 
in efficiency. 

According to the invention there is provided a power 
circuit for a plurality of reluctance machines, the power 
circuit comprising a single voltage rectifier arrangement, 
having an alternating current (ac) input and a direct cur- 
rent (dc) output, and a plurality of independently actuat- 
able switching circuits connected to the dc output of the 
rectifier and being operable to control the reluctance 
machines. 

Preferably, a single dc link capacitor is connected 
across the dc output of the rectifier. This still further re- 
duces the component count of the power circuit by pro- 
viding a single dc link capacitor common to all switching 
circuits connected across the dc output of the rectifier. 
Thus, the invention allows the use of only one rectifier 
and, preferably, one dc link capacitor for a group of re- 
luctance machines. It will be appreciated by the person 
of ordinary skill that a set of capacitors connected in se- 
ries or parallel could be used in place of a single capac- 
itor. This may be necessary to achieve the correct volt- 
age rating for a particular application. The word 'capac- 
itor' is intended to embrace such serial or parallel sets 
of capacitors unless the context otherwise dictates. 

Furthermore, the invention has the advantage of al- 
lowing the power generated by one or more machine(s) 
working in a generating mode to be delivered to one or 
more other machines, connected to the same single rec- 
tifier, drawing power in a motoring mode. The energy 
delivered back to the dc link by one or more other reluc- 
tance machines connected with the power circuit is dis- 
tributable between the other machine(s) through their 
independent power switching circuits, thereby using 
more efficiently the total power drawn at the ac input to 
the rectifier. This is based on the inventor's recognition 
of the fact that the motoring and generating modes of a 
reluctance machine can be exploited using conventional 
components in a new and advantageous way while still 
reducing the component count of the power circuit as a 
whole. 

Preferably, the rectifier is an assembly of diode rec- 
tifiers, for example a diode bridge rectifier. 

The invention also extends to a switched reluctance 
drive system comprising two or more switched reluc- 
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tance machines, each having a rotor and a stator, and 
a power circuit as defined above, the phase windings 
each being connected to an output of the power switch- 
ing circuit. 

The invention can be put into practice in various s 
ways some of which will now be described by way of 
example with reference to the accompanying drawings 
in which : 

Figure 1 is a circuit diagram of a known power circuit 10 
for a switched reluctance machine; 
Figure 2 is a circuit diagram of a power circuit ac- 
cording to the invention; and 
Figure 3 is a schematic diagram of a switched re- 
luctance drive system incorporating a further em- is 
bodiment of a power circuit according to the inven- 
tion. 

Referring to Figure 2 of the drawings, a power circuit 
according to the present invention comprises a rectifier 20 
assembly 10 for each of three alternating current (ac) 
input phases on lines A, B, C. The rectifier assembly 10 
comprises pairs of serially connected diodes 12 ar- 
ranged to conduct in the same direction for each input 
phase. The pairs of diodes are connected together in 25 
parallel. Each of the input lines A,B,C is respectively 
connected between the corresponding pair of diodes 1 2. 
A dc link capacitor assembly 14 is connected in parallel 
with the pairs of diodes 12. Although a single capacitor 
is shown for convenience, in practice this is often imple- 30 
mented by capacitors connected in series or parallel to 
give the ratings and characteristics required by the de- 
signer for a particular application. The dc link capacitor 
14 smooths the rectified ac output of the rectifier 10 to 
provide a substantially constant output voltage between 3S 
upper and lower power lines 16 and 18. 

In Figure 2 three separately controllable switched 
reluctance machines 20;22;24 notionally represented 
by their phase windings 26 are connected with the 
smooth rectified output of the rectifier 10 across the dc 40 
link capacitor 14. As in Figure 1, each machine shown 
in Figure 2 is a three phase machine comprising a wind- 
ing 26 for each phase. First and second semiconductor 
switches 28;30 are connected to each end of the wind- 
ing 26 as part of a power switching circuit. The switches 45 
28; 30 connect the winding between the upper and lower 
power rails 16 and 18 and control the energy delivered 
to and extracted from the machine. A first recirculating 
diode 34 is connected to conduct from between the 
winding 26 and the second switch 30 to the upper power so 
rail 16. A second recirculating diode 36 is connected to 
conduct from the lower power rail 18 to between the 
winding 26 and the first switch 28. 

It will be seen in Figure 2 that each machine is sim- 
ilarly connected, having a switch and diode arrange- ss 
ment as described above for each phase winding of 
each machine. While three machines are illustrated in 
Figure 2, the skilled person will appreciate that any other 



number of switched reluctance machines can be con- 
nected to such a rectifier and dc link capacitor, each with 
its own switching arrangement. The limit is dependent 
on the power handling capabilities of the rectifier 1 0 and 
the rating of the dc link capacitor 14. 

According to the invention, the rectifier has a 
smoothed dc output between the upper and lower power 
rails 16 and 18 which is switched across the windings 
according to switched reluctance machine control tech- 
niques that are known in the art. 

The invention has the further benefit of being able 
to transfer power between machines. For example, if the 
first and third machines 20 and 24 are motoring, ie. 
drawing power from the power rails 16 and 18, and the 
second machine 22 is generating, ie. delivering energy 
to the said power rails, it will be seen that the energy 
delivered by the machine 22 is usefully available to the 
first and third machines 20 and 24 rather than being dis- 
sipated in a resistor, as known in the prior art. 

Figure 3 illustrates a switched reluctance drive sys- 
tem in which a power circuit according to the invention 
is connected to a pair of switched reluctance machines. 
For the sake of convenience the rectifier 10 in Figure 3 
is depicted schematically but can be the same as that 
illustrated in Figure 2. The output of the rectifier 10 is 
connected to the upper and lower power rails of a pair 
of power switching circuits 40 and 42 as in Figure 2. 
However, in this embodiment separate dc link capaci- 
tors 44 and 46 are connected individually across the 
power rails of each respective power circuit 40 and 42. 
The three phase outputs of each power switching circuit 
are connected across the phase windings of switched 
reluctance machines 48 and 50, each having a stator 
and a rotor, in conventional manner. As in the previous 
embodiment, the single rectifier is able to supply power 
to both of the power switching circuits 40 and 42. The 
rectifier output is smoothed by the separate capacitors 
44 and 46. In the event that one of the machines is in a 
generating mode, the energy delivered by it to the power 
circuit is available to charge both capacitors. Thus, the 
ability to charge one of the dc link capacitors for use by 
another machine is also usefully exploited in this em- 
bodiment of the invention. 

It will be apparent that the power capabilities of the 
power switching circuits have to be able to handle the 
power requirements of the reluctance machines to 
which they are connected. On the other hand, the rec- 
tifier used should be designed to cope with delivering 
sufficient power to all the connected machines. The dc 
link capacitor used may be individual to a particular ma- 
chine and, therefore, should have a power handling ca- 
pability in accordance with known reluctance machine 
power circuit design. However, in the case of the com- 
mon dc link capacitor of the embodiment such as that 
in Figure 2, the power handling requirements of that ca- 
pacitor have to take into account the increased burden 
of supplying power to, and absorbing power from, all the 
machines connected with the power circuit of the inven- 
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tion. 

The invention may also be used to provide a com- 
mon supply from a rectified ac source and also to ar- 
range for one or more of the machines to be arranged 
to run as an auxiliary or stand-by generator for use in 
the event of ac supply failure. 

Although the invention has been described in terms 
of rotary machines, the skilled person will be aware that 
the same principles of operation can be applied to a lin- 
ear reluctance motor to equal effect. The moving mem- 
ber of a linear motor is referred to in the art as a rotor. 
The term 'rotor' used herein is intended to embrace the 
moving member of linear motor as well. 

The principles of the invention which have been dis- 
closed by way of the above examples can be implement- 
ed using various circuit types and arrangements. The 
rectifier may be a different form from that shown in Fig- 
ures 2 and 3, for example a single-phase or a half-wave, 
either controlled or uncontrolled rectifier all as known in 
the art. Similarly, the switching circuits may be designed 
according to other known design techniques to equal ef- 
fect. Many different types of switching devices can be 
used, such as thyristors, gate turn-off thyristors, power 
transistors, MOSFETs or other switching devices. 
Those skilled in the art will readily recognise that these 
and other modifications and changes may be made to 
the present invention without strictly following the exem- 
plary applications illustrated and described herein and 
without departing from the true spirit and scope of the 
present invention which is set forth in the following 
claims. 



Claims 

1. A power circuit for a plurality of reluctance ma- 
chines, the circuit comprising a single voltage rec- 
tifier arrangement, having an alternating current 
(ac) input and a direct current (dc) output and a plu- 
rality of independently actuable switching circuits 
connected to the dc output of the rectifier and being 
operable to control the energy in the reluctance ma- 
chines. 



6. A switched reluctance drive system comprising a 
plurality of switched reluctance machines, each 
having a stator and a rotor, a power circuit including 
a voltage rectifier having an alternating current (ac) 

s input and a direct current (dc) output, and a plurality 
of independently actuatable switching circuits con- 
nected to the dc output of the rectifier, each switch- 
ing circuit being arranged to control the energy in 
the or each phase of a respective one of the 

10 switched reluctance machines. 

7. A system as claimed in claim 6 in which at least one 
of the machines is arranged to run as a standby 
generator actuatable to supply power to the other 

*s machine or machines in the event of a power failure 
at the rectifier. 

8. A method of operating a plurality of switched reluc- 
tance machines, each machine comprising a stator 

20 and a rotor, a power circuit including a voltage rec- 
tifier having an alternating current (ac) input and a 
direct current (dc) output, and a plurality of inde- 
pendently actuatable switching circuits connected 
to the dc output of the rectifier; each switching circuit 

25 being arranged to control a respective one of the 
switched reluctance machines, the method com- 
prising: 

running one or more of the machines in a power 
30 generating mode to supply electrical power; 

and 

running one or more of the remaining machines 
in a motoring mode, taking electrical power 
supplied by the machines running in the power 
35 generating mode. 



2. A circuit as claimed in claim 1 in which a single 45 
smoothing capacitor is connected across the dc 
output of the rectifier. 

3. A circuit as claimed in claim 1 in which a smoothing 
capacitor is connected across each switching cir- so 
cuit. 



4. A circuit as claimed in any of claims 1, 2 and 3 in 
which the rectifier is a diode rectifier. 

5. A circuit as claimed in any of claims 1 , 2, 3 and 4 in 
which the switching circuit comprises one or more 
semi-conductor switches. 
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